Background Many studies have examined the effects of exclusive enteral nutrition (EEN) in children with Crohn's disease (CD), but corticosteroids are considered a superior therapy and are frequently used in China. This meta-analysis aims to compare the efficacy of EEN with corticosteroids in treating pediatric CD. Methods A comprehensive retrieval from medical databases, including PubMed, EMBASE, MEDLINE, Web of Science, Wanfang data, VIP and CNKI, was performed using the search terms "diet therapy", "exclusive enteral nutrition", "Crohn's disease", "inflammatory bowel diseases", "child" and "pediatrics" from January 1990 to April 2017. Results We included 18 studies from 1329 identified sources in this meta-analysis. EEN was as effective as corticosteroids in inducing remission rate of children suffering from CD (OR = 1.35; 95% CI 0.90, 2.10; P = 0.14). Nevertheless, patients who received EEN were more likely to achieve both endoscopic mucosal healing (OR = 5.24; 95% CI 2.06, 13.37; P = 0.0005) and histological mucosal healing (OR = 4.78; 95% CI 1.89, 12.08; P = 0.0009) than those who received corticosteroids; the Pediatric Crohn's Disease Activity Index was lower [mean difference (MD) = − 3.67; 95% CI − 4.91, − 2.43] and weight gain was higher (MD = 1.92; 95% CI 0.02, 3.83; P = 0.05) in those patients who received EEN than in those who received corticosteroids. No difference was found in relapse rate (OR = 0.57; 95% CI 0.25, 1.29; P = 0.18), height for age or body mass index between the patients treated with EEN and corticosteroids at the 1-year end point. Conclusions This meta-analysis reveals that there is no significant difference between EEN and corticosteroids in the efficacy of inducing remission rate of CD in a pediatric population, but EEN is superior to corticosteroids in improving short-term mucosal inflammation and reducing the PCDAI index.
Introduction
Crohn's disease (CD) is a chronic relapsing inflammatory condition of the gastrointestinal tract. Causes of CD still remain unclear, but it is thought to result from an interaction of individuals' genetics factors, epigenetic factors, microbial exposure, immune response and environment factors [1] [2] [3] [4] . Approximately, 25% of patients are diagnosed with CD before the age of 18 years [5] , and the incidence of pediatric CD is increasing in both developed and developing nations [6, 7] . The goals of treatment in pediatric CD are to induce and maintain remission, relieve symptoms and optimize growth, while minimizing side effects [8] .
After an accidental discovery in the 1970s that exclusive enteral nutrition (EEN) could induce remission of CD, EEN has provided an innovative way to induce remission and optimize nutrition following diagnosis [9] . In 2014, the European Society of Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the European Crohn's and Colitis Organization (ECCO) issued revised consensus guidelines, recommending that EEN be considered as the first-line induction therapy for children with CD [10] . For induction of remission, patients were treated with EEN via the oral route or nasogastric tube feeding for approximately 6-8 weeks. Additionally, only chewing gum and water were allowed [11] [12] [13] . The dietary sources of protein included elemental, semi-elemental and polymeric diets, but various levels of proteins or lipids seem to not have much impact on efficacy [14] [15] [16] .
Corticosteroids have been considered a major therapeutic option to induce remission in patients with active CD, achieving a clinical remission in 60-91% of treated patients [1] . However, side effects of corticosteroids, such as Cushing appearance, bone demineralization and severe growth retardation, can be harmful to children's natural physical development [17] . In addition, evidence-based medicine supports that EEN therapy has fewer adverse events and lower side effect rates than corticosteroids [18] . EEN therapy was also suggested to be more effective in children than adults [19] .
Two meta-analyses [18, 20] concluded that EEN, as a primary therapeutic approach for CD, showed no significant difference from corticosteroids in inducing clinical remission. In contrast, two other meta-analyses [21, 22] concluded that patients' remission rates with corticosteroids were statistically superior to that with EEN. Although many studies have compared short-term remission rates between patients treated with corticosteroids and EEN, few studies have focused on the relapse rate in long-term follow-up, especially in children. Endoscopic sustained mucosal healing in Crohn's disease was reported to be associated with longer remission time, less inflammatory activity and decreased hospitalization rates [23, 24] ; corticosteroids were thought to be associated with poor mucosal healing [25] , while EEN was effective in inducing mucosal remission [26] . Few meta-analyses have been performed comparing the differences in efficacy of these two therapies on mucosal healing, and we still do not know whether EEN or corticosteroids will prolong the time that pediatric patients with CD remain in remission.
EEN versus placebo-controlled experiments cannot be carried out in pediatric patients with CD because of difficulty in passing ethical review, and any "placebo" which was nutritionally complete to sustain nutrition during treatment would be regarded as EEN. As a result, most studies have chosen corticosteroid therapy as the control group. In this meta-analysis, we compared the remission rates between two therapy groups at 8 weeks and relapse rates at 1 year. We also included more high-quality studies and further evaluated the effects of two therapeutic strategies on mucosal healing, nutritional status and growth patterns.
Methods

Data sources and search strategy
We conducted literature retrieval on PubMed, EMBASE and MEDLINE, Web of Science from January 1990 to April 2017. The search terms "diet therapy" and "exclusive enteral nutrition" were combined using "OR", the search terms "inflammatory bowel diseases" and "Crohn's disease" were combined using "OR", and the search terms "pediatric" and "child" were combined using "OR". These three groups were then combined using "AND". 
Selection criteria
Two investigators (YY and CK) independently screened the titles, abstracts and full texts using the search strategy mentioned above. We included studies that: (1) were RCTs or observational; (2) enrolled pediatric patients (under the age of 18 years) with CD; and (3) compared systemic corticosteroid drugs (prednisone, prednisolone) with EEN (polymeric formula, semi-elemental formula or elemental formula). Patients in the EEN arm were not to receive any other medication, and patients receiving corticosteroids were to be treated only with corticosteroids, or the same treatments were to be taken in both comparator arms in similar ways. Studies were excluded in any case when articles (1) did not give a precise definition of remission, (2) provided insufficient data for the outcomes of interest or (3) did not contain at least one clearly defined corticosteroids comparator arm. If a literature result was reported several times, we included the study that corresponded to the longest duration or had the largest sample size.
Outcome measures
The primary outcome measures were induced remission rate (percentage of subjects achieving remission after 6-8 weeks of treatment) and relapse rate (percentage of subjects relapsing at 1-year end point of follow-up). The secondary outcomes were collected at baseline and after the induced treatment, e.g., inflammation index including the Pediatric Crohn's Disease Activity Index (PCDAI) [27] , C-reactive 1 3 protein (CRP) and erythrocyte sedimentation rate (ESR); growth parameters such as weight and length; mucosal healing [endoscopic lesions were assessed according to a validated score standard (Crohn's Disease Endoscopic Index of Severity, CDEIS) [28] and histological lesions were assessed according to a scoring system previously validated [29] . The data on height for age and body mass index (BMI) were collected both at baseline and at the 1-year end point. Endoscopic mucosal healing or histological mucosal healing was separately defined as a decrease in endoscopic or histological scores by 50% or more when compared with baseline values.
Quality assessment
We abstracted the following data from each study: first author, year of publication, origin, interventions and control groups (drug and dosage), participants' characteristics (number of each group, age) and underlying condition. We used the Newcastle-Ottawa scale to assess the quality of observational studies. This assessment had three sections (selection, comparability and exposure, respectively) and altogether eight items. Studies with a score less than 5 in the present study were excluded from the final analysis [30] . We also evaluated the bias in randomized controlled trials using the Jadad scale, which included the evaluation of randomization, blinding of outcome assessment and description of withdrawals and dropouts. Studies with a Jadad score more than 3 were regarded as high quality and would be included in the final analysis [31] .
We analyzed the results of the RCTs, prospective cohort studies and retrospective cohort studies separately to determine whether the results from the non-RCTs affected our calculation of obvious heterogeneity or produced a different outcome from the more robust RCTs. Because there was a mild heterogeneous effect across strata when we compared each study type, respectively, with our main result, we concluded that it was appropriate to combine study types as hypothesis generating rather than confirmatory analysis.
Statistical analysis
All the meta-analyses were conducted using Review Manager 5.3. The odds ratio (OR) [32] with 95% confidence intervals (CI) [33] was applied to analyze dichotomous variables, and mean difference (MD) [34] with a 95% CI was used to analyze continuous ones. If continuous data were presented in mean and standard deviation (SD) [35] of base and final, we would use statistical algorithms to calculate the difference value's mean and SD.
The Chi-square test was used to evaluate the heterogeneity with significance set at the P < 0.05 level, and the I 2 statistic value was interpreted as three separate levels: 25% (low heterogeneity), 50% (moderate heterogeneity) and 75% (high heterogeneity) [36] . The random-effect model was conducted when the heterogeneity between studies was too high; otherwise, the fixed-effect model was used [37] .
Results
Literature research and characteristic of studies
A total of 1329 publications retrieved from the database were scanned for relevance. After reviewing, we included 69 articles that potentially met inclusion criteria. After these full texts were studied, the bibliographies were checked. Overall, 4 RCTs [38-41] and 14 observational studies [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] that reached our inclusion criteria constituted the base of our analysis. Three of the observational studies were abstracts that provided necessary data for inclusion in the meta-analysis ( Fig. 1 , flow chart). The characteristics of the included studies are shown in Table 1 .
Quality assessment
The details of quality assessment based on the NOS are shown in Supplementary Table 1 . The Newcastle-Ottawa scale revealed that study qualities varied from 7 to 9. The qualities of the included studies were good and fair. The quality of the four RCTs we included showed a moderate level. All articles displayed similar baselines and they were then grouped randomly. Patients included in the RCTs had complete follow-up information. The number of withdrawals and the reasons for withdrawal were described in the articles. However, only one RCT adopted the single-blind method, with three articles for three points and one article for five points.
Effects of interventions
Induced remission rate of exclusive enteral nutrition vs. corticosteroids
Three RCTs [38, 40, 41] and ten observational studies [42, 43, 46-48, 50, 52-55] provided data on the induced remission rate after 6-8 weeks of treatment. Soo et al. [45] calculated the remission rate after 3 months treatment, so data from their paper were excluded. Overall, we analyzed 13 papers including 349 pediatric patients treated with exclusive elemental diet and 311 pediatric patients treated with corticosteroids. The heterogeneity test showed I 2 = 5%, suggesting that there was a mild heterogeneity between the studies, so we performed the fixed-effect model in our study. We pooled all the results of these trials and found no evidence for a significant difference in the percentage of children achieving remission between those treated with EEN and those with corticosteroids (OR = 1.35; 95% CI 0.90, 2.10; P = 0.14; Fig. 2 ). Meta-analysis of only RCTs showed that EEN was more effective than corticosteroids (OR = 2.62; 95% CI 0.86, 7.94; P = 0.09, Supplementary Table 2) .
Influence of exclusive enteral nutrition vs. corticosteroids on 1-year relapse rate
Patients in five observational studies [42, 45, 48, 49, 52] were induced into remission with EEN or corticosteroids, and all of them used thiopurine and/or mesalamine as maintenance therapy. One study [44] that used maintenance enteral nutrition as maintenance therapy was excluded from the meta-analysis. There was only one RCT article, which was excluded as well. Furthermore, we included and analyzed five retrospective cohort studies (158 cases in the EEN group, 154 cases in the corticosteroids group). The metaanalysis of the five retrospective cohort studies also showed that no significant difference existed in the proportions of 1-year relapse rates between the EEN and corticosteroids groups (OR = 0.57; 95% CI 0.25, 1.29; P = 0.18, Fig. 3 ).
Mucosal healing
In total, 3 of 18 articles [41, 42, 47] provided information on mucosal healing of patients at the end of induction. The method of Canani et al. [42] defining mucosal healing was different from other articles, so data from the research were excluded. Overall, patients who received EEN were more likely to achieve both endoscopic mucosal healing (OR = 5.24, 95% CI 2.06, 13.37; P = 0.0005, Fig. 4) and histological mucosal healing (OR = 4.78, 95% CI 1.89, 12.08; P = 0.0009, Fig. 4 ) than those who received corticosteroids.
Effects of exclusive enteral nutrition vs. corticosteroids on inflammation
The data were abstracted from studies that measured PCDAI, CRP and ESR at baseline and at the end of induction in patients receiving EEN and corticosteroids. Then, we used statistical algorithms to calculate the difference value's mean and SD. There was a distinct decline of PCDAI in patients who received EEN compared with those who received corticosteroids (MD = − 3.67; 95% CI − 4.91, − 2.43; P < 0.0001, Fig. 5 ). However, we found no significant difference in terms of CRP and ESR between patients who received corticosteroids or EEN (MD = 1.07; 95% CI 0.18, 1.96; P = 0.02, on CRP, and MD = 0.60; 95% CI − 1.82, 3.03; P = 0.63, on ESR, Supplementary Figs. 1-2) .
Effects of exclusive enteral nutrition vs. corticosteroids on growth
After induced therapy, patients who received EEN seemed to gain more weight than those who received corticosteroids (MD = 1.92; 95% CI = 0.02, 3.83; P = 0.05, Supplementary Fig. 3 ), but height showed no significant difference (MD = 0.24; 95% CI = − 1.98, 2.45; P = 0.83, Supplementary Fig. 4) . We also found no significant difference at the 1-year end point in either height for age (MD = 0.45; 95% CI − 0.11, 1.02; P = 0.11, Supplementary Fig. 5 ) or BMI (MD = 0.10; 95% CI − 0.34, 0.54; P = 0.66, Supplementary  Fig. 6 ).
Discussion
Crohn's disease is a chronic, progressive disease characterized by repeated relapses after remissions in most cases. The chronic intestinal inflammation that occurs in CD can result in intestinal complications such as strictures, fistulas, and abscesses during the whole period [56, 57] . Medical treatment of CD includes two major parts: induction and maintenance therapy. These phases of treatment involve achieving control of inflammation in a relatively short time and then sustaining that control to prevent patients from relapse. A number of investigators provided much evidence to illustrate the mechanism behind EEN. The primary components underlying the actions of EEN were as follows: inhibiting the expression of inflammatory factors, such as tumor necrosis factor-α, interleukin (IL)-6 and IL-1β [58] [59] [60] , increasing the release of vascular endothelial growth factor and Hojsak et al. [48] Croatia EEN: polymeric formula, taken exclusively for 6-8 wk either through nasogastric tube or orally (n = 57) CS: corticosteroids (n = 17).
(1-17.9)
Children with newly diagnosed CD Crohn's disease, n number, NG not given transforming growth factor-β (TGF-β) to improve intestinal endometrial repairment [61, 62] , providing essential amino acids which can promote intestinal mucosal barrier formation [63, 64] and activating mucosal immunity, resulting in the maintenance of intestinal homeostasis [65] . Treatments for induced remission in CD patients include corticosteroids, EEN and biologic agents. Recently, people in many countries, such as the Japanese, Europeans, British, and North Americans, have highlighted the remission induction efficacy of EEN on pediatric CD [66] [67] [68] [69] . There were two meta-analyses [15, 16] hinting that CS was superior to EEN in achieving control of inflammation in acute CD. These two meta-analyses were published in 1995 and 1996, and the retrieval times were between the 1980s and 1990s. The studies included in those two meta-analyses usually used EEN as remission induction therapy for fewer than 4 weeks, whereas the induction time of the studies we included mostly lasted for 6-8 weeks, with only one study lasting 4 weeks.
In addition, those two meta-analyses included patients of all ages, and our meta-analyses focused on pediatric trials. Two other pediatric meta-analyses [17, 18] also determined that EEN and corticosteroids were equally effective, similar to our study's conclusions, suggesting that the benefits of EEN may differ between children and adults.
No significant difference was found in 1-year relapse rates between EEN and corticosteroids. In our subgroup metaanalysis of the three articles [15] [16] [17] , choosing thiopurine as single maintenance therapy had a similar result (EEN vs. CS: OR = 0.93, 95% CI 0.36, 2.43; P = 0.13). The use of thiopurine or mesalamine will impact the results, but it is also unethical to observe relapse rates without any maintenance therapy in child patients.
Recently, many researchers have regarded mucosal healing as a promising therapeutic target, and mucosal healing may substantially modify the course of CD. Mucosal remission was reported to be possibly associated with a sustained EEN exclusive enteral nutrition, OR odds ratio, CI confidence interval, df degree of freedom remission rate [26, 70] . Treatment with steroids was thought to have no positive impacts on mucosal healing [71] . In contrast, some studies reported approximately 19-75% of children treated with EEN achieved mucosal healing, but these results were unreliable since the definition of mucosal healing among the different studies varied [13, [72] [73] [74] . In our meta-analyses, there were two articles that used the CDEIS index to evaluate endoscopic mucosal healing, and the EEN group showed better outcomes than the CS group. A similar outcome was found for histological mucosal healing. A prospective longitudinal cohort study revealed that only complete mucosal healing (SES-CD = 0) post-EEN induction correlated with a lower sustained remission rate, and the sustained remission rate of near-complete mucosal healing patients (SES 1-3) was similar to that of patients with more active endoscopic disease [70] . Therefore, there is an urgent need to enlarge sample sizes, achieve cooperation between multiple centers and adopt uniform criteria to prospectively validate whether EEN is more effective in mucosal healing than CS and whether mucosal healing induced by EEN is conducive to sustained remission.
We also found that, after achieving induced remission, patients who received EEN treatment seemed to gain more weight than those who received corticosteroids. This result might be associated with nutritional support from EEN. In addition, we found that inflammation markers, such as CRP and ESR, showed no significant difference. However, patients who received EEN were 3.7 times more likely to have a decline of PCDAI score than those who received corticosteroids. The PCDAI is an index of severity of pediatric CD including physical examination, growth parameters and commonly performed laboratory tests [27] . The weight gain in the EEN group may be one factor contributing to PCDAI score decline. Despite the well-described adverse effects that corticosteroids can have on development, growth, and pubertal maturation, particularly if there has been a clinical course of frequent relapses resulting in inadequate nutrition and associated with repeated courses of steroid treatment [75] , using corticosteroids as inducing treatment shows similar effects with EEN on the change of height for age and BMI at 1 year. This result may suggest that applying corticosteroids as short-term induction therapy does not have such an adverse impact on long-term growth and development in pediatric patients as expected. However, other growth and development indicators, such as bone age, bone density and gonad development, need to be further evaluated. Most importantly, doctors must still be very prudent in choosing appropriate and effective inducing therapy for CD pediatric patients to reduce repeated and long-term use of corticosteroids.
Our meta-analysis has several limitations. The observational studies were not designed randomly, and the influence of subjectivity among doctors or parents on the experimental results could not be ruled out; RCT experiments with multicenter, large-scale, strict double-blind and randomly allocated trials should be conducted in the future.
In conclusion, our study suggests the induction remission rate of EEN is similar to that of corticosteroids and that EEN and corticosteroid therapy had no significantly different effects on 1-year relapse rate. However, EEN is superior to corticosteroids in terms of positive effects on short-term mucosal healing and reduction of PCDAI. For these reasons, we recommend EEN as an effective and viable first-line treatment for induction of CD remission.
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